Despite the large number of reports describing sponge-microbe associations, limited knowledge is available about associated fungi and their relationships with the hosts. In this work, specific fungal strains were obtained directly from in vitro sponge cell cultures (primmorphs) and single sponge cells (cytospins) and compared with those obtained from whole tissue preparations. A total of 27 fungal strains were isolated from the marine sponges Hymeniacidon heliophila and Haliclona melana. Fifteen strains, nine from H. heliophila and six from H. melana, were obtained from whole tissue and were considered as possible mesohyl associated or transient fungi. Twelve strains were isolated from in vitro sponge cell cultures (primmorphs) and were, therefore, considered as cell associated. From these, five different strains were obtained from H. heliophila isolated cells, while five were identified from cytospins and two from primmorphs of H. melana.
INTRODUCTION
Marine sponges (Porifera) represent one of the oldest extant multicellular animals (20) . The more than 8,000 described species inhabit a variety of marine and freshwater systems, from the tropics to Polar Regions (10) . They are sessile filter-feeding organisms that influence benthic and pelagic processes by transferring large quantities of material from the water column to the sea floor (25) . The sponge body is simple, constituted by an outer epithelial layer (pinacocytes) *Corresponding Author. Mailing address: Rua do Matão. Trav. 14, n. 101. 05508-900. São Paulo, SP. Brazil.; Tel: 55 11 3091-7611 Fax: 55 11 3091-8095.; Email: mcust@usp.br Rozas, E.E. et al.
Fungal strains from in vitro cell cultures of two marine sponges enclosing the mesohyl, formed by specialized cells, extracellular matrix and a network of canals and chambers. In these chambers, water is pumped continuously by flagellated cells (choanocytes) and microorganisms and organic particles are retained and phagocytized (29) .
In the last 20 years, sponges have been considered one of the most prolific sources of natural products (see 1, and previous reviews of this series). Several compounds have been Most sponges harbor large numbers of symbionts, which include bacteria, cyanobacteria, unicellular algae, archaea and fungi, sometimes comprising 40 to 60% of the total biomass (9, 16) . In many cases, these communities are species-specific and independent of the environmentally available strains (17, 42) .
Of the different organisms, bacteria are the most thoroughly investigated and usually reported as participating in the chemical defenses or physiological processes of their hosts (32, 35, 37) .
On the other hand, the knowledge about the diversity and function of potentially sponge-associated fungi is still limited.
Despite the growing number of strains identified from sponge samples (17, 18, 22, 40) , little evidence has been published to support the idea of true symbioses. The best example of such relationship is represented by unidentified yeast vertically transmitted in three Chondrilla species (19) . In addition, several fungi isolated from sponges and other marine substrates were identified as belonging to terrestrial genera.
Consequently, even the debate about the real marine origin of these strains is still open (26, 40) . In general, the fungal strains isolated from marine environments show different secondary metabolite profiles when compared with those from terrestrial habitats. For instance, some marine species of Penicillium produce secondary metabolites unknown to closely related strains of terrestrial origin (15) .
In addition to the associated microbiota, as any other marine substratum, sponges are also exposed to large numbers of different microorganisms from the environment. These animals can filter vast quantities of seawater, retaining over 80% of the suspended particles (23) , and therefore a transient microbiota is always present in its canals, tissues and surfaces (24) . (5, 6) , and showed good responses to culture conditions. Taxonomic identification was performed by M.R. Custódio, using standard methods (21) .
Sponge cell culture (Primmorphs)
Cell dissociation and primmorph formation followed protocols described elsewhere (6) . Sponge tissues were cleaned of larger epibionts using forceps, cut in 3 to 4 mm pieces, and phenol red (16 mg/L, Sigma). This media was used for maintenance of the primmorphs. In the first week, it was renewed daily and in the following weeks, each three days.
Isolation and culture of the fungal strains
The primmorphs were observed daily on inverted microscope, and the fungal hyphae that appeared on the surface were picked and incubated in tubes with DY medium (Dextrose 1% and Yeast Nitrogen base 1% (Fluka) in natural seawater). After 24h, 100 µl of each suspension was disseminated in DY agar (DY medium with 2% agar) to verify the purity of the culture. The fungi were carefully selected according to morphologic characteristics (7, 13), transferred to 125 ml Erlenmeyer flasks with 60 ml of DY medium and incubated at 20 o C. After 15 days, the cultures were sampled for DNA extraction and identification.
To obtain cell-associated fungi, primmorphs were cultivated for 21 days and then dissociated with CMFSW+E.
The cell suspension was counted using a Neubauer chamber, and attached in low density to sterile glass coverslips using a Acremonium cellulolyticus (accession number BA474750) was used as outgroup. All sequences were deposited in the GenBank, and accession numbers are listed in Table 1 . Rozas, E.E. et al.
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RESULTS
Fungal isolation and cultivation
Five strains were obtained from single cells (cytospins) of each sponge (Table 1 ). The hyphae of two of these fungi, Ha IV and Ha V (Fig. 1a-f) , were detected at early stages, always associated or near the sponge cell nuclei. Both appear as small clusters of round, bright structures from which the adult mycelia originates (Fig. 1a, e) . In Ha IV, large amounts of insoluble hyaline material of unknown nature could be observed deposited around the hyphae even at early stages (Fig. 1b, c) . In this strain, the hyphae were always embedded in this substance, in which some crystals were formed in later stages (Fig. 1d) . In Ha V, the hyphae initially grew following the host cell margins (Fig. 1e ) and latter forming a branched, three-dimensional mycelium (Fig. 1f) . Such very early stages of other strains were not detected, and they were observed already as small mycelia overlapping or close to the sponge cells. When incubated in liquid medium, these fungal strains were detected 15 days after the preparation of the cytospins (36 days after the beginning of the sponge cell culture), reaching the maximum size in five additional days. However, the strains markedly reduced the growth speed after three successive subcultures, and the maximum size was reached only after 28 days.
Using primmorphs, two strains were obtained from H. melana, but none from H. heliophila (Table 1 Rozas, E.E. et al.
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Fungal identification
The tentative fungal identifications based on the NCBI database best matches and accession numbers for the strains obtained in this work are summarized in Table 1 . All fungi isolated from whole tissue preparations from both sponges belong to the genus Penicillium, with the only exception of one strain related to Emericella nidulans (AB008403) in H.
melana. In contrast, this genus was poorly represented in the material obtained from cell cultures, with only one strain (Ha VII) found in H. melana (Penicillium sp. YW01. GU944770).
In both sponges, all strains obtained from cell-derived material were distinct from those isolated from whole tissue preparations of the same individual. In addition, different cellderived strains were obtained from each sponge species.
Phylogenetic trees inferred with the partial 18S rRNA sequences showed that all cell-derived strains are related (Fig.   2) , with the exception of Ha VII (Penicillium sp. YW01). From all fungal strains isolated from H. heliophila and H. melana, only two have best match sequences similar to fungi already obtained from marine sources (see Table 1 ). Thus Hy IV was related to a Ascomycota strain collected in deep sea termal vents (2), and Ha V was similar to an uncultured marine fungus isolated from the sediment of the Arabian Sea (Jebaraj et al. unpublished). For all other strains, the best match sequences points to well known terrestrial species, most belonging to the genus Penicillium and Cladosporium.
However, in recent years evidence has been accumulating that indicates the presence of these (and others) ubiquitous terrestrial fungi in the marine environment (17, 26, 30) .
Interestingly, none of the strains isolated from the in vitro cell cultures was found in the whole tissue preparations of the same animal. Moreover, the fungal communities of cellular origin of each sponge species were different. In contrast, the strains obtained from the whole tissue preparations of H.
heliophila and H. melana were not species-specific, exhibiting similar microbial profiles. In this case, the dominant fungal strain was related to Penicillium, which was represented in the cell-derived cultures by only one strain (Ha VII: Penicillium sp. YW01). This dominance is reflected in the phylogenetic analysis (Fig. 2) , which groups all whole tissue strains in opposition to the cell-derived lineages.
Of particular interest is the fact that two strains (Ha IV 
